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SOLID STATE EMRn^ SING OF POLYMER DEVICgg 

This invention relates to electronic devices, especially organic electronic devices, 
and methods for forming such devices. 

Semiconducting conjugated polymer thin-film transistors (TFTs) have recently 
become of interest for applications in cheap, logic circuits integrated on plastic 
substrates (C. Dmry. et a!., APL 73. 108 (1998)) and optoelectronic integrated 
devices and pixel transistor switches in high-resolution active-matrix displays (H. 
Sirringhaus. et al.. Science 28Q, 1741 (1998). A Dodabalapur. et al. Appl. Rhys. 
Lett. 73. 142 (1998)). In.test device configurations with a polymer semiconductor 
and inorganic metal electrodes and gate dielectric layers high^perforrnance TFTs 
have been demonstrated.^ Charge carrier mobilities up to 0.1 cm^/Vs and ON OFF 
current ratios of 10«.10». have been reached, which is comparable to the 
performance of amorphous silicon TFTs (H. Sirringhaus,. et al.. Advances in Sblid. 
State Physics 39, 101 (1999)). ... 

One of theadvantages of polymer semiconductors is that they lend themselves to 
simple and low-cost solution processing. However, fabrication of all-pQiymer TFT 
devices and integrated circuits requires the ability to form lateral patterps of 
polymer conductors, semiconductors and insulators. Various patterning 
technologies such as photolithography (WO 99/10Q39 A2). screen printing (2. 
Bao. et al.. Chem. Mat. 9. 1299 (1997)). soft lithographic stamping (JA Rogers. 
Appl. Phys. Lett. 75. 1010 (1999)) and micfomoulding (J.A. Rogers. Appl, Phys. 
Lett. 72, 2716 (1998)). as well as direct ink-jet printing (H. Sirringhaus. et al.. UK 
000991 1.9) have been demonstrated. . ' 

Many direct printing techniques are unable to provide the patteming resolution 
that is required to define the source and drain electrodes of a TFT. In oixJer to 
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. . drive current and swftch-«g speed channel lengths of less than 
obta,n adequate dnve ^nen^ 

,0 are re.u,red. In tl« ° ^ed ubstrate containing ^'^ns of different 

overcome by printing onto a prepattemeo suos 

surface free .nergy (H. Sirringhaus et al.. UK 0009915.0). 

I, , Rn/iR9 Q19 a method Is demonstrated by which 

.„ morgan. me^M^n ' P ^ P ^ ^ ^^^^ ^ 

embossmg (N- — ' ^ ^ p„3hed into a pCymer 

"""Td ZuZ a e^ed temperatures. For a aen.o,ysta»ine po^r. 

% r-polyShylene terepmalat*, (PET,, the -^ ""^H^'Z ' 
LV^nsi..hO,.ep.y.er,huthe,^^^9.— .'^^^^^^ 

. nlastlc flow of material occurs away from the viradge. ii m 

T s a^ than the metal f,lm th'^Knes, a groove . ger»ra.ed 

state and plastic floW mainly occurs laterally. 

stmctur^ so as to cause the profusion to mic«>cut through the frrst layer. 
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Other aspects of the invention include devices formed by that and other methods, 
and integrated circuits, logic circuits, display circuits and/or memory device 
circuits comprising one or more of such devices. Preferably the said devices are 
formed on a common substrate. Preferably the said devices are formed in a 
common layer of an organic material. 

Preferred aspects of the present invention relate to methods by which solid, state 
embossing can be used to fabricate polymer transistor devices and circuits. 

The present invention will now be described by vyay. of example, with reference to 
the accompanying drawings, in which: 

' figure 1 is a schematic diagram of one embodiment of the solid state 
embossing and microcutting process; 

figure 2 shows environmental scanning electron microscopy images of 
microcut PEDOT films on different polymer supports (A/B: 800A PEDOT on top of 
Sum PMMA; C/D: 800A PEDOT on top of S^im Pyp). The bright areas are those 
covered with PEDOT; 

figure 3 a schematic top view of a possible source-drain electrode 
configuration to fabricate a regular an-ay of discrete TFT devices by combining 
direct printing with solid state embossing. For integrated , circuit fabrication 
interconnects between any two TFT devices can be defined by direct printing, as 
indicated by the dashed line; 

figure 4 shows a schematic diagram of the process sequence for 
fabricating a top-gate polymer TFT by a combination of solid state, embossing and 
direct printing; 

figure 5 shows a possible process sequence for fabricating a vertical 
polymer TFT by solid state embossing; 

figure 6 illustrates a method for fabricating self-aligned gate electrodes for 
polymer TFTs by a combination of solid state embossing and selective surface 
modification; 
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figure 7 shows an a«ema«ve method for preparaUon of a surface free 
energy pattern tt,a. can be used to fal,ricate narrow conducUng interconnect .,nes 
and electrodes by direct inkjet printing; 

flgure 8 Ltr^tes fabrtca««, of a via4^e InteroonneC by so,^ state 

'"re 9 Shows ano««r schen^tio dlagran, of a .nu««ayer struoture for 
,abr Jon of verUoa, transistors and a pt^tograph of a completed transistor w«, a 
«plelayerofembossedg6ld/1^mPVP/gold; 

Igure 10 Shows output and transfer char^Censtlcs of a vertical, embo^ 
p„,„er transistor measured with ele^odes E2 and E3 as sourc«.ra,n 

""'ture ,1 shows output and transfer charaCeHstlos of a planar, embossed 
po^ J transistor measured w«h electrodes E2 and E4 as source^tarn 

'~;e 12 shows a cyllndncal mlcrocuttlng to« used to emboss a 
continuous, flexible substrate In a reel-to-reel process; 

f^ure 13 shows a light emWng diode de^ce fabricated on a verttcal s,de 
wall that also forms an optical waveguide structure: 

tore 14 shows an electncally driven laser device w*h n- and p-^^ 
^„s J channels that provKle etect^n and hole injection lnta«ie l^ emrtUng 

semiconductor material; ' ^ • «,« mirmnrt 

. .flgure 15 Shows a device with a lateral p-n Junction fomied .n the m,c,t=cut 

'"^figure 16 By cor^ining a muWtude of mic^cutting to^s compdsitg the 
same or different relief st^ctureslarge^rea miaocutUng tools of e.g. planar (FIG. 
Z cylinder-Shape ,F,0. 16b, can readi^ be fabricated. Mema^ 

ier-shaped microcutBng tools can also fabricated by bending e.g. a sheet 
comprising pratniding edges that are flexible enough (16c). 
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A first example demonstrates the application of solid state embossing to 
microcutting of conducting polymer films. 

Figure 1 shows a schematic diagram of solid state embossing of a thin film of 
PEDOT/PSS on top of a thick, smooth insulating polymer support such as PMMA. 
poly(vinylphenol) (PVP). pply(styrene) (PS) or polyimide (PI). The insulating 
polymer film is deposited on top of the 7059 glass substrate by spin coating from 
a 15-30 weight % solution in propylene glycol methyl ether acetate (PVP) and 
cyclopentanone (PMMA), respectively, resulting in a film thickness of 2-3 ^im. 
Prior to the deposition of the PEDOT the surface of the insulating polymer is 
rendered hydrophilic by O2 plasma treatment in Order to promote the adhesion of 
the PEDOT film. A 800 A film of PEDOT/PSS (Baytron P from Bayer corporation) 
is then spin-coated flrorh a water dispersion. Embossing Is performed at a 
temperature of 150«>C (PVP). 100»C (PS). lOS-C (PMMA) for up to 60 min with a 
load of about 1 kg/mm^. OOier processing conditions have also been shown to 
yield satisfactory results. Subsequently, the sample is cooled to room temperature 
before the pressure and the master are removed. 

Critical in the method according to the present invention, is tiiat during the 
microstnjcturing process the polymer substrate 3 is in its solid state, Accordingly, 
for amorphous polymers the method is earned out around the glass . transition 
temperature. Tg. The latter temperatures generally are well known and can be 
found for instance in. Polymer Handbook (Eds.. J. Brandrup. H. lmmergut,.E. A. 
Grulke. John Wiley & Sons.. New York, 1999), or can readily be determined 
according to standard themial analysis methods. Preferably, the microstajcturing 
process according to the present invention is carried out in a temperature range 
from about 50 X below to about 50 'C above Tg. and more preferably from about 
40 -C below to about 40 "C above that transition. . Most preferred is the 
temperature range from about 25 "C below to about 25 "C above Tg. For semi- 
crystalline polyniers the microstnjcturing method according to tiie . present 
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,„ven«o„ U c..-^ ou. ,n «« .e.pe*re regime between abou. me .s 

temperan^res generally are also well known and can also be found for .nstance ,n 
PolyLr HandbcoK. or can ..ad^ be de.en.lned according to ^^^^ 
La vsis methods. Preferably, m mtaosUucU.nng process « earned ou, ,n a 
analysis memo , „ hBtow T„ to 1 'C below T„. and more 

.emperature '^'^l^^^^^ 1^,^'^ t„. Most prefaced . .He 
nrpferablv from about 25 u oeiow i g ^ 

::Z--sef.n.T.toab^SXbel^T„0,berpn^s.n.^^^^^ 
sue as the load that is applied onto the master and .Kne penpd 
applied, are less critical and are read.y adjusted to en^.« tl^e <-es»d 
p^Ltration of the master through one or n»..o. the layers 2a « effected. 

one of the other important features o, the process is tt«t the nraster or the 
"Tsl tl embossed can be in contact with a soft nrbbery material thro^h 

r^the pressure duHng me embossing is transmuted in a '^^^ 
Itlthatahomogeneousdepthofmlorogpovesuobta^edacn^ssthesubstrate. 

ehouM be noted mat a conduct.g polymer .1^ su.* as^oWS,*- 
emylenedlo^iophene) protonated wim polystyrene sulfomc acrd i^^^l 
has very drent mechanibal and elastic, as well as adhesive pn^ert^ th^ a 

pn.cessin8 hard fflms are no. generally extensible to potynter Him 

processing. 

Bgure 2 Shows environmental scanning electron microscopy (ESEM, imag^ o, a 
mLocut PEDOT fHm on PMMA The saicon master in m,s case co„s,sU of a 
"^aly of sh^rp wedge-shaped protn,sk.ns. The lateral size of me m«.ocu^ 
u me s^a^tlon gap between me PEDOT electrodes, is determrned 
^hapeofmewedgea„dme.dentaUondepm.Wehavefabncatedpa«em^ 

o'paralle. stripes of PEDOT separated b, mtaognx>ves w«h gaps down to 0.6pm 
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and indentation depths of about 1.5 ^sm using a wedge with an opening angle a of 
70» (Figure 2). 

In some cases it was found that only every second line had been microcut (see 
figure 2D). In some circumstances this might be acceptable, but if it is to be 
avoided it has been found helpful to promote the adhesion of the PEDOT layer to 
the underlying polymer support, for example by making use of adhesion, 
promoters or plasma treatment of the polymer support prior to . deposition of the 
PEDOT. 

Another example demonstrates a method by which solid-state embossing can be 
combined with direct printing to define all-polymer transistor devices and 
integrated TFT circuits. We use microcutting of conducting polymer films to 
atcurately define the active channel region between the source and drain 
electrodes of the TFT with submicrometer resolution. We combine solid state 
embossing with direct printing techniques such as Inkjet printing or screen 
printing. This allows us to fabricate discrete. TFT devices and arbitrary integrated 
circuits, with areas in between devices that do not contain conducting material. 
Note that microcutting in combination with thin film deposition techniques such as 
evaporation, spin-coating or blade coating is capable only of removing conducting 
material in small areas. The following features are significant: 

- Combination of microcutting with direct printing: To define conducting coarse 
patterns on tiie substrate prior to embossing a bnaad variety of printing 
techniques may be used. Conducting polymer electrodes may be deposited 
directly by techniques such as Inkjet, or screen printing or micrpmoulding 
techniques. In order to increase the electrical conductivity of the electrodes it is 
possible to use the printed conducting polymer pattern as a template for the 
subsequent electrodeposition of an inorganic metal. In tiiis case, a double layer 
of conducting polymer and inorganic metal film is microcut. Alternatively, a 
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layer may b. pnn.ed (by ink)., or n,iorocon.aC pnn«, .or e--P'e) -n 
sLquenUy be u=ed .o in«e eleColess plaUng of a conducing layer (H^ 
Kind e. al., Langmuir 2000, 6367 (2000)). Ye. possib«i.y ,s *e d.reC 

printing o. a so^«on^rocessWe precu,sor .o a conduCng layer such ^ an 
o,ganle«c compound or a co.«a, suspense o. ^nduCg parWes 
(Kydd.etal.. WO 98/37133). 

,„ a second step me eleC^de paUem is *en n^crocu. by s«e 
embossing to define a.e small source (S) - drain (D) separabon. Figure 3 
iTa ^sible s.n,c.re in wb^ an array o, simple rectang* 
panems a,^ in^rconneC lines is deposHed by direC pHr^nj ^^J^ 
embossed * a mas.er containing wedges «,a. define '"^'9-^ Jj^ 
drain e-ecuodes. inte^igHated electrodes are advantageous -^t^j"- 
,„™a«on 0. TFTS ^ large cbanne, wid.b over a sma« area A^W-V and 
^recomple. souro^rain electrode patterns can be, a.,rtcatedn tb« «ay. 

. RegisbaSon: ,n prtncipie, me embossed cbanne. bas .o be ^^^^^^ 
J .spec » me pi^iously deposited coarse electrode pattern. Tb» ma,^ ^ 
I^^^eve^ by pe,fom,.,B the embossing step in a mask aligner w«, optK=al 
p^ljHowever, ^.^n .sues can be larg.y overcome by defining 
ridfcTFT ana,s:sucb as meone sbown in figu. 3 in wbicb .be master and 
^rse .ec^e pattern are peHodic in one or ^ 
a^^men. requ^nU are less cri«eal. To fabnca.e integrated TFT cro^^ 
the indivKiua, TFTs ofthe array can be <»nnec.ed by printed interconnect lines 
and via+iole Interconnects (see belo«i). 

Bectncal and sbucb,.al WegriW: In order*, avok. damage to theTFT layers. 
" ^:a«icuUirtome.nsulattngga.ed^.bymeembossings.ep,^ 
a top^ TFT structure in whfcb the TFT layeis are .omied on top o, and 
:;:TeIbossed sduice^rain pattern. As shown In «gu« 4 min layers o, 
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the semiconducting polymer, and the gate insulating polymer are deposited 
from solution followed by.dlrect printing of a conducting polymer gate electrode 
(G). For conjugated polymers with a low bulk conductivity patteming of the 
semiconducting polymer layer is . not required. The fonnation of this layer 
structure requires careful choice of solvents, in order to avoid dissolution and 
swelling of underlying layers. Howeyer, it. has been shovyn that adequate 
structural Integrity of the different polyrrier-polymer interfaces of the TFT can 
be achieved using an alternating sequence of polar and non-polar solvents (H. 
Sininghaus et al., UK 0009911.9). One possible sequence pf materials is 
indicated in figure 4. 

Structural self-organisation: In order to obtain a high charge carrier mobility the 
semiconducting polymer layer needs to be. highly ordered which can be 
achieved by making use of self-organisation -mechanisms. . Various self- 
organising semiconducting polymers can be used such as regioregular poly-3- 
hexylthiophene (P3HT), and polyfluorene co-polymers such as poly-9,9'- 
dioctylfluorene-cp-dithiophene (Fi3T2). In devices such as that in figure 4 the 
channel is formed within the embossed rnicrpgropves. The topographic, profile 
of the groove may be used to induce, alignment of .the semiconducting 
polymer. Double embossing may also be: used. The pojymer support can be 
embossed once prior to deposition of the PEDOT S/Df layer in order to define 
microgrooves in the polymer support parallel, to the TFT channel. Since 
embossing is performed iri the solid state, this relief is maintained during the 
second orthogonal embossing step to define the chanriel (fNl. Stutzmann et al.. 
Adv; Mat. 12. 557 (2000)), If a liquidrcrystalline semicpnductirig polymer such 
as F8T2 is used (H. Sininghaus et al., Appl. Rhys. Lett. 77. 406 (2000). 
alignment of the polymer chains predominantly parallel to the TFT channel can 
be induced using the first embossing pattern as an alignment layer (J. Wang, 
et al., Appl. Phys. Lett. 77. 166 (2000)). 
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1 H»m«n^tas a method to define vertioal side walls In polymer 
Another example demonstrates a meinou ,,™„ nrr Heulces 

multilayer structures. whK* can be used to fabricate ve,*oa. polymer TFT d«ces. 

,„ a vertical TFT (see for example. A. Salt*, et al. Jpn. J. Appl. Phys 36, W 
; the c Jel length Is defied hy the U^ICcness of one of *e dep<«^ 
aye Jas opposed to a high-^solut^ pattern!,^ step in the case of a plana^^TFT^ 
:L possL c^nflgurauon a mesa^e stnactu^ IS deposHed *s. «n^^^ 

source and drain electrode laye. separated by a«iln dielectric layer «»1h„*^ 
— es .e cha^ Of .e ------ 

rldrr^: — :ryer::^ depos^ed ont„ the s«e wans f*w. 

dec^e. vertical TFTs have been fabrtcated using "^-"-"^ 
^y are useful becaU^ *«y 'o™*n of submicometer cha™,e. e,^ 
lout raqulnng expensive lithographic too., but offering enhanced ecu* speed 

and drive currents. 

vertical pdymer TFTs have no. hitherto been demonstrated, because o. *e 
«e^ alc^ed With fonrtlng ve*a, sidewalls and confbrmal so^ 
cTng Of polymer layers on*, a tn,, vert^l side wall. Chemical etch,ng me«»<^ 
Z fling .lde »^s pose problems because of the high solub,l*y^of po^ .n ■ 
Immbn organic sclents a™. laoK Of an^troplc etching mechan.™^^ 

«,e case of inorgan^ semiconductor, cause e'*'"^ to proce^ " »^ 

.graphic «c«on that In otters allowing fom,a.»n of well "^-'^^ 
Ze dlLtlonal. physical etching methods such as reacUve .n etch^ suffer 
from degradation of electHcany functional polymers upon plasma exposure. 

Sor. state emboss-.g provides a new method to overcome these P<»^- 
.^^^es and define sId* wans in a we. controlled way. ^'^-J " 
structure of a vertical polymer TFT in whH* the channel is fomred on the pseud^ 
lal inclined s«e wall of an embossed micrc^roove. The InMal layer structure 
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consists Of two conducting polymer layers that have been coarse-patterned by 
direct printing separated by an insulating polymer layer such as a layer PI or PVP. 
The insulating layer can be deposited by spin coating. The thickness of the 
insulating spacer layer should be less than 2 fxm. preferably less than 1 ^m. most 
preferably less than 0.5 ^m. The minimum Oiickness. i.e. channel length that can 
be achieved in this way. is limited by frictibnal forces between the master and the 
polymer layers. Friction tends to cause a downward movement of the lips of the 
upper conducting polymer layer during embossing. This may cause electrical 
shorts between the two conducting polymer layers If the thickness of the spacer 
layer is too srriall. Friction can be minimized by chemical modification of the 
master, such as deposition of a functional self-assembled surface monolayer to 
minimize adhesion between the master and the polymer layers or. other friction- 
reducing lubricants. After the embossing step the device can be completed by 
depositing a confomial layer of semiconducting polymer and gate insulating 
polymer. Conformal coating is facilitated by the finite, inclination of the side wall 
that is defined by the opening angle a of tiie master. Finally a gate electrode 
pattem can be printed into the microgroove overiapping wHh the side walls. With 
suitably defined printed source^lrain patterns TFT operation may be obtained on 
both side walls of each microgroove. 

Vertical transistors according to one embodiment of tiie present invention were 
fabricated in the following way: First, amorphous polyethylene terephthalate. PET. 
films (tiiickness = 0.25 mm; Goodfellow) were cleaned by sonication in ;iylene 
(Aldrich) and subsequent oxygen-plasma treatment for 60 sec at 50 Watt Then, 
pre-structured gold pads of 1 x 5 mm size and a thfckness of 40 nm were 
themially evaporated utilizing a suitable shadow mask. Spin-coating a 10 wt% 
poly(vinylphenol). PVP (M. « 20 kg mo|-\ « 151 'C; Aldrich) solution in 
isopropanol. lPA (Aldrich) at 2000 rpm for 60 sec yielded an approximately 1 Dm 
ttiick insulating film on top of these gold pads. Subsequentiy. a second set of gold 
pads were evaporated in the same way as described above, however ttiese pads 
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were shifted slightly wHh «speC to me formed, p^duoed one, to enable the. 
Xs g Th Jo gold and .he PVP -ayer w«e «,en « on «,e PET 
addressing sou^rain electrodes by embossing the 

:=r:r:troriam_.^^^^^^ 

-^ra^rc^: rem^oyed. ^ 

^rmena7w.%pc.y(me.hy.methao,y.ate).PMMA(M..120Kgmo. .T, = 105 
Z'lZ ^ anhydrous buty. acetote (Romi, Ltd, also a. aOC» r^ a^ 
,^TJ. and. f,r.l.y. mennalty evaporaSng a„o«»r set o, go-d eteCodes 
tt„„ugh the same Shadow mask to define the gate electrode. 

Ftaure 10 shows output and transfer charactenstlcs of such a vertical polymer 
TJI:rbymLcu«ng a double layer o, gold electrodes separatod bya 
. • j^honni nn a PET substrate (see figure 9). me 

:r:r jTo^ln ca„ be Observed. Mhough care was ta^n 

n::::dc.ingof.heP3Hrb.avo*ge.posureoftheP3K^^^^^^^ 
(processing under inert nitrogen atmosphe«) the device ,s nonnally on due to 

do,ng ^ PSKT. He .s. -^-'-^^^^TZ 

observed between the top and bottom sourceKlrain electrodes wh * .s clear 
e^:::^thatthemlcccut.>ngtochn,...is capable Of presen^ngtherntegn^ofa 

muWlayer stackv^out gene,a«ng eteclHcal shorts in different layers. 

This opens the way to a broad range <. device ap,..a.lons 

can b^ used to define vertical sidewa«s with electrodes >n d^erert layers^ 

"Iples or other use«rl structures with such vertical sWewalls are vertrcal l,gh. 
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emitting diodes with anode and cathode (formed from different materials) stacked 
on top of each other (see figure 13). If such a microcut groove is filled with a light 
emitting material such as a conjugated polymer with a refractive index higher than 
that of the substrate and that of the dielectric polymer spacer layer separating 
anode and cathode the light from the LED can be coupled into the waveguide. 
The light might be guided within the embossed groove to some other location on 
the same substrate where it might be detected by a vertical photodetector formed 
by the same method as the lED. This provides a simple fabrication method for 
. integrated optical communication circuits. 

Another useful device that can be fabricated in thjs way is an electrically driven 
laser. Recently electrically driven lasers based on organic single crystals have 
been demonstrated (Schon et al.. Science 289, 599 (2000)). The device 
architecture is based on TFT devices formed on both sides of the organic single 
crystal providing injection of electrons and holes from opposite sides of the 
crystal. Waveguiding is achieved along the parallel channel of the TFTs.by the 
high refractive index of the gate electrode. However the method of fabricatiori 
requiring accurate alignment of devices on opposite sides of the crystal is not 
suitable for integration. Here we propose a method for fabricating a similar device 
architecture by solid state embossing that is more suited for integrated circuit 
fabrication. A schenriatic drawing is shown in figure 1.4. The. p-charin^i can be 
formed on the bottom side of the semiconducting layer deposited into the 
microembossed groove, while the n-chgnnel can be formed on the top of the layer 
or vice versa. Waveguiding of the emitted light can be. achieved as described 
above. Optical feedback that is required for laser action can. for example, be 
achieved by depositing the layer sequence orito a substrate that, had previously 
been embossed w^ith grooves In a direction jaerpendicular to the laser waveguide. 

Vertical side walls may also be used to form well-defined interfaces between 
semiconducting layers such as lateral p-n junctions as shown in figure 15. 
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Ano«,er example de^nstrates a tor fon.U,g surface relief fean,res .ha, 

1 ^ used .o fabricate surface free energy pa«er,« -a. di-eC and conflne «,e 
solution deposition of polymer patterns. 

Many direct printing .echnipuas u, def^si. poiwner pa«en,s frorn a^ 
,o„ Lsduson .ha. prevents «,e fonna«dn »f fln^te features and l,n^ «^ 
Lens^ns of a few n,icron,e,e,s. In me case of ^ '" ^^^I 
^,*n is limusd .o 20-50 ^ by .he unccntn^led spreadU^ of ,nK^ drop^ 
on *e subst..e and s.aUs.^1 va,ia.tons in flight direcUcn. I. has been shown fta. 
Z ^ - be sign.can.,y enhanced by pHn«ng onU, . su^*^ 
cahtans a prefabHca.ed panem 0, surface free ;" r^"=^„ ^ 

PEDOT/PSS deposi.ed from water soluUon fte .preadrng of droptete can be 
^ by us, g hydrophobe repelling banKs such ma. the PEDOT dep»*on 
conflne .0 the hydrophiiic surface, regions. 0«eren.jec.^n.u^ 
teve been demohstrated to fabHcate such a surface free energy Pa-^-.^-* - 
photolHhographIC pWeming of a hydrophobic polyimide layer on top of a 
hSphfc /ass substra-e or photopattemlng of a se«-assen,b,ed nnonofayer (H. 
Sirringhausetal.. UK 0009915.0). 

Another t^nique to gen.ra.a a surface free energy pa«en, is 
sten.*g (see for exampte. Y. Xia. et ai.. Ange«. Chem. Int. Ed. 37 650 (1998ft 
hI^s sof, stamp contolnng surface relief ,ea*.,es is fabhcated by pounng a 
^ of pd Jmem^s^xane, (PDMS, over a patterned master. A«er cnn 
arpeeung off me mastorme stamp is exposed to a solution o. a self^ssembied 
llyer (SAM, and . men bn,ugh. Into «..a. w«h me -P-^-^^ - 
SAM IS seiectively transfer«d to fte sample In «»se reg,ons v»h,ch are m d,reC 
oontoC V* me s.amp resuMng In local modfflcatton of me surface free energy. 
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Solid state embossing provides an elegant, self-aligned method for confining the 
deposition of material to the embossed microgrooves by making use of the 
topographic relief features generated by the embossing step. 

If a solution of material is deposited onto a substrate containing microgrooves the 
solution will be drawn into the microgrooves by capillary forces. This provides a 
mechanism for the selective deposition of material in the microgrooves. 

This effect can be enhanced by modyfying the surface energy of the substrate. If 
the embossed sample is brought in contact with a flat soft stamp that has been 
exposed to a self-assembled monolayer, transfer of the SAM only occurs in the 
plariar surface regions, but not on the side walls of the microgrooves. Flat stamps 
can be fabricated by using the materials and procedure developed for soft 
lithography, without the need for a surfade relief, i.e. a pattern on the master. 

One of the attractive advantages of this technique as opposed to soft lithography 
is th^t it does not require any alignment or registration with respect to a previously 
deposited pattern. It allows for example an elegant way to fabricate a self-aligned 
surface free energy pattem for the printing of the gate electrode of the. TFT as 
shown in figure 6. If the planar surface regions, of the gate insulating layer are 
modified to be hydrophobic the deposition of an Inkjet printed gate electrode, for 
example of PEDOT/PSS in water, is confined to the microgrooves without 
spreading into the hydrophobic surface regions. This allows fabrication of. a self- 
aligned TFT with small overiap capacitance between source/drain and gate 
electrodes. This feature is . particulariy useful in the context of vertical TFTs, 
because the self-alignment of printed gate electrodes provided by the topographic 
groove overcomes one of the general problems of vertical transistor device 
architectures. Most vertical transistors suffer from . a large overiap between 
source-drain and gate electrodes due to the difficult alignment of the vertical 
metallization. As a consequence of the reduction in capacitance an Integrated 
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Circuit using en*ossed vertical UansisU,^ - show ^P«>ved sv^ing Un,es and 
better fan-out. 

one possible choice of .natertals for such surface patterning is to use a gate 
°ns ,at^ layer o. PVP. PVP ^ a moderate^ polar poly^r due to me hydroxyl 

I ana^ed to each phenyl Hn^ -ta .rface can he n«de even ™« 
ZUuc by bde, oxygen plasma exposure .uch me conta.. ang e o, 
becoL less than 31^. However. PVP is rK=. soK-ble ,n water, and *ws 
ZZ. o, a PEDOT/PSS gate elect^de «on, water solu«o„ without be,^ 

SI Its surface can be made hyd™p.»bic by exposure to ^^-^^ 
Inolayer o. alKyltdoh^sllahes or *odn«ed ^'^'^^^^^ ^ 
Les exceeding 60- can be achieved. This «>nta<* angle difference -s swfliaent 
deposit^n or ,n,e. depos«ed PEOOT^SS d.^ *on,.wa.er 

solution to the hydrophilic surface regions. 

^ a,ten,a^ method o, surface modit^ng the upper parf o, ^^^^ ^^ 
use a vapour p«>cess. such as evapora«on. in whteh the vapour « "-^^ 
aLe an^le to the upper surface. This allows the sides of the recess *> shade^ 
deeper parfs o, me.recess from the vapour, so that onl, upp^r parfs 

of the lecess and the top surface are surface treated. 

An alternative method for such surface prepattemir^ which does not even r^ulre 
.y stamping is shown in r.ure 7. « a HVdmphob"= p^Vrner 
layer such as poly(dioctyffluorena) (F8) Is spin coated on top of a hyd^ph,!^ 

ayer Ich as PVP a surface free ene^y paUem Is — -''V 
Z embl^g v^n the hyd^h-ic p.ymer is exposed on the s.e wa,. . me 
^icrog-ves. ThU ,r«thod can be used in an analogous ^^^J^^J^ 
isolated line feah^res ^ co,T*ina«on ™th Inkjet printing, for example for fabncaf ng 
high density airays of fine intaiconned li.es with art>itra,Y Pa«ams. 
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Another example demonstrates a method for the fpmiation of via-hole 
interconnects. 

In order to fomi integrated TFT circuits using devices of the type described above, 
it is necessary to make via hole interconnects between electrodes and 
interconnects in different, layers. Different methods to fabricate such via-holes 
have been demonstrated, such as local etching of dielectric layers using InkJet 
printing (H. Sininghaus, et aL, UK0009917.6), photolithographic patterning (G.H. 
Gelinck et aL; Appl. Phys. Lett. 77, 1487 (2000)) or serial hole punching using a 
mechanical stitching niachine (C J, Drury et al., WQ99/1 092Q). 

Solid state embossing offers an alternative method to open such via-hole 
interconnections as illustrated in figure 8. If the master contains an an-ay. of sharp 
pyramids (N. Stutznnann et al,. Adv. Mat, 12. 557 (2000)) the embpssing can be 
used to generate a srriall diameter pyramidal microcuts through a dielectric layer 
exposing the surface of an underlying . conducting electrode. The grppye can be 
filled with a conducting polymer in a subsequent printing step. This process can 
also be applied to more complicated multilayer structures containing sequeiices of 
insulating and semiconducting polymer*. 

The size of the yia-:hole is defined by the size of the pyramidal wedge and the 
indentation, depth- Using a wedge with ari opening angle of 70*' via holes with 
dimensions of a few micrometers or even submicrometer dimensions can be 
fabricated. Small size of via holes is important for fabrication of high-density 
integrated circuits. 

One. of the advantages of such a process is that it allovys fomiation of a large 
number of interconnects . in a parallel way, whereas techniques such as 
mechanical stitching or Inkjet printing are essentially serial. 
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,„ a« of the above embodiments PEDOT/PSS may be ^placed by any conducting 

C t.at can be depoe«ed ^ 'Cpra: ;; 

polypyrroie. However, some of the attractive features of PEDOT/PSS a,« ^ a 
S^eric dopant (PSS) inherent, ^ d'^Mty. <b, ^^"^^ 
and stabiiity in air, and ,c, a wbrK Unction of « 5.1 eV that « w^' 
Lisauon potentiai of common hoie-transpoding sen^ccnduCmg pCymers 
ailowing for efficient hole charge canter inlection. 

The microcutting too, has microcutting p^trusionS on it. J^-""^*^^^; 

the fom, Of sharp protruding features, such as rWges. saw^ooth^ype stou*^ 
and the liKe. The process of me manufactudng and «,e ma^na, of 

J^cutUng toois - not criticat to the microcutUng. process. , However, the 

Of whiC the tooi . made Should be sufficientiy 
sufBdently shan, ^ the too, is capable of cutUng through the ^ye,3 Whe« me 
^ is to cut «,r«.h an upper layer of a mu.«-layer structure th^ e^ht^h^ ^ 
features should e>«eed the micKness d of the layer or ^ 
Ch^^Cefis^c din«n^ o, these feaU^res. such as '^^J^^ 
preferably are in the range beWe«, 1 mm and 1 nm. More preferably these 
lie Lo dimensions are between about tOO ^ and S nm and m^ 
preferably between 10 pm and about 10 nm. To provide suitable sharpness *e 
CSof curvatut. o, the p«.n,dini ed.^s o, these features should be p,e^era«^ 
S than 500 nm. more p^f^, i^- 100 nm. ^ most prefera.^ -ess 
ttianlOnm. 

The sharp pro.nK«ng features may be of simple geomeMas (e.g. line-shaped 
I e oTle comptex such as interd^Hated features. E«m^es of su,.ab^ 
rmLesih*de.rraysofcon^icrpyramldalprot.s..s.andar^^^^^^^^ 

p,o.n.s,ons. One Useful configuration is for «,e prot™sK,ns to be linear 

parallel to each other. 
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The microcutting tool suitably comprises at least one cutting edge, but preferably 
a multitude of edges. The latter allows for fabrication of a multitude of devices in 
one single embbssing/microcutting step. The protruding edges may all be of the 
same geometry or may differ from each other. For instance, a microcutting tool 
according to the present invention may comprise arrays of line-shaped edges (c.f. 
schematic top view figure 12) with which for example prerstructured eleetrical- 
cbndactive layers on top of a polymeric substrate (figure 12) can be cut jn one 
step leadirig to an array of electrodes e.g. for use in electrical devices such as 
thin-film transistors. 

In another example the microcutting master could be either planar or cylinder- 
shaped or could have whatever geometry is best suited for the device and device 
configuration to be fabricated as wiell the fabrication process. Cylinder-shaped 
microcutting tools are particuiariy useful as they allow for embossing of a 
continuous flexible substrate in a reel-to^reel process (see figure 12). ReeMp-reel 
fabrication may offer higher throughput, and lower cost capability thari a standard 
batch process. In this context it is of particular significance that. the embossing is 
performed preferably in the solid state, in which the embossed grooves retain their 
shape after the embossing tool is retracted. If the embossing were performed in 
the liquid phase, it would be necessary to reduce , the substrate temperature 
before removing the. microcutting topi, which would be difficult to achieve with a 
rolling, cylindrical microcutting tool. The flexible topi could be constituted by . a 
flexible plastics stnjcture, or could be a flexible sheet of another material, for 
instance a thin (e.g. 20 micron thick) sheet of silicon. 

Large-area microcutting tools according to one embodiment of the present 
inventibn can be fabricated for instance by combining a multitude of .microcutting 
tools comprising the same or. different relief stmctures (see figure 16). Cylinder- 
shape microcutting tools may be fabricated by first producing a planar tool which 
is subsequently roiled or bended (see figure 16). 
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suable masters can be made by a vahe., of n,e«»d, known in «,e art. induding, 
L no. limited to anisotmpic e.=«.^ techniques. limograph« methods 
but not urn „„rf ,h» like It Is most prefened within the scope of 

electroplating, eleclrofomicng and the like. It is most p 
the p^sen. invenfcn to apply anisotropte etching 1eohnK,ues to fabn^te SMitabte 
reatures as these techniques can lead to fea*.res hav^ edges of a r,*us of 
IIZ Of less than 10 nm in a n»st 

aniso.n=pic etching of slngle^rystalline or poiycrystalllne inoiganic mate.a s - 
"Impated in me scope of this inventK.. A most su»a«e matena. is. M*e 
:::.^„ven«on . not lim«ed to, single-crysta«ine {,00, s»oon. ^ ^.ch 
Anisotropic etch^nts such as solutions of potassuim hydroxKte (^H) "r 
Xme^, amn^nlum hydro.de aMAH, in water, - ""-^ 
,«,p,opyl alcohol (IPA) cen be used. OUier matenals different ftom (100>^li«x. 
a^ altropic etchants different f,»m those listed above might be employ e.g. 

Lh angles or etching rate; these will be apparent U, those or^naniy 
irle ^of :icrofab.ca*n. .so, for fabr^«ng n.re -P^ ~ 
such as reaangular^aped comers needed for e^cample for p.^ 
Imlglta.^ featuies, anisoUopIc et*ing techniques incorpo.>n«^ d*.^ 
- complsetion stmotures m^ht be applied which - ^'^^"" ^f f ""^ 
TLectod by a -sacnfidal- beam or similar structire un«l the des,^ etch 
epCa J. These etching-techniques are also well-known (of^ K^pen, 
R P and Wolffenbuttel. R. F. MicromeC. M<coeng. 5, 91 (1995), Scheme, C. 
and'obenneier. E. M/.»meo/,. mcrceng. 5. 109 (1995). Enoksson, P. J. 
Micmmech. Microeng. 7. 141 (1997)). 

An^io etching of s.«on can sultaUy be used to produce - J ^ 
toc- or master having .P— s whose faces correspond to the ,11 faces o 
suicon. The an^e be^»een mose faces is TO' (or more precisely, ™ )- J»>« 
hless Of th. sKcon sh«t is su«ab.y arour^ 300 microns. Other matenals that 
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can be anisotropically etched - suitably other semiconductive materials -r could be 
used. 

Microcutting tools may be fabricated by first producing sharp features in e.g. a 
silicon waver by anisotropic etching techniques. That microshaped wafer may be 
used as the tool itself, or subsequently replicas of that wafer may be made for use 
as the tool. If the wafer is shaped as a negative of the desired tool then the tpol 
nriay be moulded on the wafer. If the wafer is a positive version of the desired tool 
then a first replica of the wafer may be made, and then the tool may be formed as 
a replica of that first replica. The replicas . are suitably made in materials such as 
thermoplastic and theirnosetting polymers. This has the advantage that sharp 
grooves can be etched into the original master, e.g. a silicon waver, what is often 
a more straight-forward process than etching sharp ridges. The polymeric replicas 
of such an original master should be sufficiently hard and capable of cutting 
through the layers to be structured. Accordingly, polymers used for replica 
production preferably have a glass transition temperature larger than 25 ^C, more 
preferably larger than 110 and most preferably larger than 150 The latter 
temperatures generally are well known and can be found for instance in Polymer 
Handbook (Eds.. J. Brandmp. H. Immergut, E. A. Gruike, John Wiley &. Sons.. 
New York, 1999). Preferably, high-glass transition, thenmosetting resins are used 
for producing replicated microcutting tools, such as cyanate ester, resins (e.g. 
4.4'etbylidehediphenyl dicyanate and dligo(e-methylen^li5-phenylencyanate) or 
epdxy resins such as tetrafunctional tetraglycidyl diamlnodiphenylmethane). The 
latter may be mbced before with an aromatic hardener such as 4,4'-diamino 
diphenyl sulfone, DDS. In order to fabricate replicas, a polymer melt, solution or 
pre-polymeric liquid as those listed above is cast. Injection- or reaction moulded, 
and solidified in contact with the master structure by e.g. cooling, thermally or 
photochemically crpsslinking. The original master surfaces may be rendered non- 
adhesive, e.g. by. rendering it hydrophobic, using suitable surface treatments such 
as chemically modification with self-assembling monolayers (e.g. silylation from 
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vapour phase using e.g. octadecyltrichlorpsilane. perfiuorodecyltrichlorosilane and 
allyltrimethoxysilane). Alternatively, release coatings or agents such as silicon o.l 
may be employed on the surface of the original master. It may also be useful to 
apply such coatings to the cutting surface of the tool. 

As stated above, such polymeric replicas of the original master structure again 
can be used to produce 2"^, 3"* -or higher generation replicas (-sub-masters') 
which have either the same relief stmcture as the original master or a negative of 
it Crucial is that the final microcutting tool comprises sharp protruding edges, 
such as sharp ridges. In order to produce such "submasters" via e.g. embossing, 
injection- or reactive moulding, which subsequently can be used to replicate the 
final microcutting tool, preferably polymeric materials are employed that display 
good non-adhesive properties, such as perfluorinated polyrners. polyolefins. 
polystyrene, or silicone rubbers (e.g. polydimethylsiloxane). Obviously, such 
submasters may be bended or rolled or shaped in whatever geometry is most 
desired depending on the device , and device configuration to be fabri<^ted .n 
order to produce cylinder-shaped microcutting tools or microcutting tools of more 
complex geometries. For this purpose, it is useful to use flexible, polymeric 
materials, such as polydimethylsiloxane or polyolefins for submaster producbon. 

Submasters according to one embodiment of the present invention were prepared 
by first producing a negative replica in polystyrene. PS (atactic polystyrene. M« « 
105 kg mor\ Tg « 100 °C: Aldrich). For this purpose. PS granulates were 
embossed at 180 °C with a sUicon master comprising sharp grooves (height h « 
10 mm. periodicity A = 500 mm. edge angle a = 70 »; MikroMasch. Narva mnt. 
13 10151. Tallinn. Estonia), applying onto the latter a nominal pressure of 300 g 
mm-2 for 5 min (cf. Stutzmann. N.. Ten/oort, T. A.. Bastiaansen. C. W. M. Feldman. 
K & Smth. P. Adv. Mater, n. 557 (2000)). Subsequently. 2"" generation 
polydimethylsiloxane (Sylgard silicone elastomer 184; Dow Coming Corporation) 
replicas according to one embodiment of the present invention were fabricated by 
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poring the pre-polymeric liquid onto these embossed PS films and curing it for 24 
hours at room temperature in air atmosphere. The final microcutting tools were 
fabricated by producing a 3"* generation thermoset replica by first melting the 
cyanate ester resin Primaset PT15 (Lonza) at 110 X for 30 min, casting thisf melt 
onto the structured PDMS films, curing R for 4 hours at 170 °C and. subsequently 
for 24 hours at 200 ^C, and removing at the end the PDMS replicas from the 
cured, surface-structured thermoset. 

It is also possible to use microcutting tools fabricated by anisotrppic etching 
directly from thin crystalline wafers. If the wafer thickness is less than 50 ^m such 
microcutting tools are flexible and can be mounted on a cylindrical roller suitable 
for reel-to-reel embossing. 

In order to fabricate complex integrated circuits using microcutting the 
microcutting tool might be fabricated with an arbitrary pattern of wedges, that is 
able to define the critical device dimensions of an arbitrarily complex circuit. If 
such a complex master is defined by anisotropic etching of a crystalline wafer, 
sophisticated etching techniques such as comer compensation (cf. van Kampen, 
R. P. and Wolffenbuttel, R. F. J. Micromech. Microeng. 5, 91 (1995), Scheibe, C. 
and bbemieier. E. J. Micromech, Microeng. 5, 109 (1995). Enoksson, P. J. 
Micromech. Microeng, 7, 141 (1997)) need to be used in order to ensure that all 
protmding wedges of the tool that are supposed to cut a certain layer of the- 
multilayer stack have the same height. 

Alternatively, the microcutting tool may have a very simple wedge pattem, such as 
an array of parallel, linear wedges. In this case all critical device dimensions need 
to be layout on a regular grid. However, circuits of art3itrary complexity can still be 
defined by appropriately defining the coarse pattem of the layer to be cut. and by 
depositing appropriate interconnections between the regulariy. spaced devices. 
This process is particularty suited for a reel-to-reel process based on a 
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combination of direct printing and microcirttir^g (see figure 12) In a first step a 
regular array of source-drain electrodes with suitable interconnections are written 
by a technique such as Inkjet printing. Then the channel gap between source- 
drain electrodes is defined by microcutting. An active matrix display is an example 
where such a regular anay of TFTs is particulariy useful. 

Similar approaches can be applied to the fabrication of via^holes for multilayer 
interconnect schemes starting from a microcutting tool with a regular anay of point 
like protnisions with subsequent filling of selected via holes to provide the desired 

circuit function. 

Another example demonstrates a method by which features in different layers of 
the device can be cut selectively by defining wedges of different height on the 
same master. The etching process to define the wedges of the master caq be 
performed In subsequent steps to define several patterns of wedges with different 
heights, for example by varying the width of , the littiographic features of the etch 
mask. Such a master is useful to define critical device dimensions in several 
layers of the device in a single embossing step. 

The tool preferably has a cutting face that is presented to the material to be cut. 
and from which the cutting protrusions protrude. The cutting face is preferably 
planar,. In many situations it will be preferable that the cutting piotnislons all have 
the same depth. 

The processes and devices described herein are not limited to devices fabricated 
with solution-processed polymers. Some of the conducting electrodes of the TFT 
and/or the interconnects in a circuit or display device (see below) may be fomied 
from Inorganic conductors, that can. for example, be deposited by printing of a 
colloidal suspension or by electroplating onto a pre-pattemed substrate. In 
devices in which not all layers are to be deposited from solution one or more 
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PEDOT/PSS portions of the device may be replaced with an insoluble conductive 
niaterial such as a vacuum-deposited conductor. 

For the semiconducting layer any solution processible conjugated poiymeric or 
oligomeric material that exhibits adequate field-effect mobilities exceeding 10'^ 
cm^A/s, preferably exceeding 10'^ cm^A/s, may be used. Suitable materials are 
reviewed for example in H.E, Katz, J. Mater. Chem, 7, 369 (1997), or.Z. Bao, 
Advanced Materials 12, 227 (2000), Other possibilities include small conjugated 
molecules with solubilising side chains (J.G. Laquindanum, et al., J. Am. Chem. 
Soc. 120, 664 (1998)), semiconducting organic-inorganic hybrid materials self- 
assembled from solution (C.R. Kagan, et al.. Science 286, 946 (1999)). or 
solution-deposited inorganic semiconductors such as CdSe nanopartides (B. A. 
Ridley, et al., Science 286, 746 (1999)). 

The semiconducting material can also be an inorganic semicondcutor such as thin 
film silicon deposited by vacuum or plasma deposition techniques. 

The electrodes may be cdarse-^pattemed by techniques other than Inkjet printing. 
Suitable techniques include soft lithographic printing (J,A. Rogers et al., Appl. 
Phys. Lett. 75, 1010 (1999); S. Brittain et al.; Physics Worid May 1998,^ 31), 
screen printing (Z. Bao, et al., Chem. Mat. ^ 9, 12999 (1997)). and 
photolithographic patterning (see WO 99/10939) or plating. Ink-jet , printing is 
considered to be particuiariy suitable for large area patterning with good 
registration, in particular for flexible plastic substrates. 

The device(s) can be dejDosited onto another substrate material, such as Perspex 
or a flexible, plastic substrate such as polyethersulphone. Such a material is 
preferably in the form of a sheets is preferably of a polymer material, and may be 
transparent and/or flexible. 
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Although preferably air layers and components of the device and circuit are 
deposited and patterned by solution processing and printing techniques, one or 
more components such as a semiconducting layer may also be deposited by 
vacuum deposition techniques and/or patterned by a photolithographic process. 

Devices such as TFTs fabricated as described above may be part of a nnore 
complex circuit or device In v>rtiich one or more such devices can be Integrated 
with each other and or with other devices. Examples of applications include logic 
circuits and active matrix circuitry for a display or a memory deyice. or a user- 
defined gate anay circuit. 

The microcutting process may be used to pattern other components of such 
circuit as well. One possibility is patteming of the pixel electrodes of an active 
matrix display. In a high-resolution display the optical state of each pixel Oiquid 
crystal, organic or polymer light emitting diode, for example) is cpntrolled.by the 
voltage applied toeach of the pixel electrodes. In art active matrix display each 
pixel contains a voltage latch, such as a TFT. which holds the voltage on the pixel 
while the other pixels are addressed and written. If the TFTs and addressing lines 
are in a different layer Of the device as the pixel electrodes, fpr example, located 
below the pixel electrode and connected with the pixel electrode through a via 
hole, microcutting of a continuous pixel electrode can result in very high aperture 
ratio display, in which the aperture ratio is limited only by the small width of the 
microcut grooves. 

It may be advantageous to hold the microcutting tool at the same temperature as 
the multilayer structure during the forcing step. e.g. within 5C. Alternatively, they 
may be at different temperatures: thus the temperature of the microcutting tool 
may be more ttian 5°C different from the temperature of the multilayer structure 
during the forcing step. 
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The present invention is not limited to the foregoing examples. Aspects of the 
present invention include all novel and/or inventive aspects of the concepts 
described herein and all novel and/or inventive combinations of the features 
described herein. 

The applicant draws attention to the fact that the present inventions may include 
any feature or combination of features disclosed herein either implicitly or 
explicitly or any generalisation thereof* without limitation to the scope of any 
definitions set out above. In view of the foregoing description it will be evident to a 
person skilled in the art that various modifications may be made within the scope 
of the inventions. : 
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CLAIMS 

1. A method for forming an electronic device in a multi-layer structure comprising 
at least a first layer and a second layer, the method comprising forcing a 
microcutting protmsion of a cutting tool into the multi-layer stmcture so as to 
cause the protrusion to microcut through the first layer, 

2. A method as In claim 1 in which the microcutting protrusion microcuts through 
the first layer and into the second layer. - 

3. A method as claimed in claim 1 or 2. wherein the first and second layers have 
different electrical properties. 

4. A method as claimed in any of claims 1 to 3. wherein the material of Which at 
least one layer is formed is in its solid state while the forcing step is perfomned. 

5. A method as claimed in any preceding claim, wherein the protmsion has at 
least one edge having a radius of curvature less than 100nm. 

6. A method as claimed in any preceding claim, wherein the protmsion has at 
least one edge having a radius of curvature less than 10nm. 

7. Amethod as claimed in any preceding claim, wherein the depth of the 
protrusion is less than 10 micrometers. 

8. A method as claimed in any preceding claim, wherein the depth of the 
protrusion is less than 1 micrometers. 
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9. A method as claimed in any preceding claim, wherein the width of the 
protrusion in at least one direction parallel to the layers is less than 1 00 
micrometers. 

10. A method as claimed in any preceding claim, wherein the width of the 
protrusion in at least one direction parallel to the layers is less than 10 
micrometers. 

11. A method as claimed in any preceding claim, wherein the width of the 
protrusion in at least one direction parallel to the layers is less than 2 
micrometers. 

12. A method as claimed in any preceding claim, wherein the protmsion is fonfned 
of a material whose surface has been treated to reduce the coefficient of friction 
between the tool and multilayer stmcture. 

13. A method as in any preceding claim in which the microcutting tooj or the 
; multilayer structure or both are in contact with a soft material during the . 

microcutting step. 

14. A method as claimed in any preceding claim, wherein the tool is a flexible . 
sheet bearing the protrusion. 

15. A method as claimed in any of claims 1 to 14, wherein the tool is rolled over 
the structure. 

16. A method as claimed in any of claims 1 to 15, wherein the tool is rolled over 
the structure in substantially linear path. 
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17. A method as claimed in any preceding claim, wherein the cutting tool has a 
plurality of microcutting protrusions. 

18. A method as claimed In claim 17, wherein the protrusions take the form of 
elongated ridges. 

1 9. A method as claimed in claim 1 8, wherein the ridges are linear. 

20. A method as claimed In claim 18 or 19. wherein the ridges are parallel. 

21. A method as claimed in any of claims 17 to 20. wherein the protrusions are all 
of the same depth. 

22. A method as claimed in any of claims 17 to 20, wherein the protrusions are of 
different depth. 

23. A method as in any of the preceding claims, wherein the temperature of the 
microcutting tool is within 5^C of the temperature of the multilayer structure during 
the forcing step. 

24. A method as in any of claims 1 to 22, wherein the temperature of the 
microcutting tool is more than 5X different from the temperature of the multilayer 
structure during the forcing step. 

25. A method as claimed in any preceding claim, wherein the first layer is 
electrically conductive or semiconductive. 

26. A method as claimed in any preceding. claim, wherein the second layer is 
electrically non-conductive or semiconductive. 
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27. A method as claimed in any preceding claim, wherein the first and second 
layers form functionally different parts of the electrical device. 

28. A method as claimed in any of claims 25 to 27 wherein the two separate 
regions of the first layer that have been defined by the microcutting form 
electrodes of ah electronic switching device. 

29. A method as claimed in any of claims 25 to 28 wherein the two separate 
regions of the first layer that have been defined by the microcutting torn source 
and drain electrodes of a transistor device. 

30. A method as claimed in any preceding claim, vyherein the multi-layer structure 
has additional layers on the other side of the second layer from the first layer, and 
the step of forcing comprises forcing the microcutting protrusion of the cutting tool 
into the multi-layer structure so as to cause the protrusion to microcut through the 
first layer, and the second layer, and through or into at least one of the additional 
layers. 

31 . A method as claimed in claim 30. wherein the first layer and at least one of 
the additional layers is electrically conductive or semiconductive. 

32. A method as claimed in claim 31 . wherein the microcutting tool cuts into or 
through the said additional semiconductive or conductive layer. 

33. A method as in any of claims 30 to 32, wherein the first layer and said 
additional conductive or semiconductive layer forni functionally different elements 
of the device. 

34. A method as in claim 33, wherein the first layer and said additional conductive 
or semiconductive layer form electrodes of an electronic switching device. 
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35. A method as in claim 34. wherein the first layer and said additional qonductive 
or semiconductive layer form source and drain electrodes, respectively, of a 
transistor device. 

36. A method as claimed in any preceding claim, wherein the step of forcing 
forms at least one recess in the stmcture. and the method comprises depositing at 
least one or more materials on top of the microcut multilayer structure. 

37. A method as claimed in claim 36. wherein at least one of the said materials is 
deposited selectively into the recess or selectively adjacent to the recess or 
selectively adjacent and partly into the recess. 

38. A method as claimed in claim 36 . wherein at least one of the said materials 
deposited over the multilayer stnjcture fomis a conformal coating on the multilayer 
structure oi- selectively on the recess stmcture or selectively on at least part of the 
structure adjacent to the recess. 

39. A method as claimed in any of claims 36 to 38, wherein at least one of the 
said materials is deposited by printing. 

40. A method as claimed in any of claims 36 to 39. wherein at least one of said 
materials is a semiconductive material. 

41 . A method as claimed in daim 40, wherein said semiconductive material is a 
polymer. 

42. A method as claimed in claim 40 or 41 , wherein said semiconductive material 
forms the active semiconducting layer of an electronic switching device. 



BMSDOOD: <WO 02299«2A1_L> 



wo 02/29912 



33 



PCT/GBOl/04421 



43. A method as claimed in claim 40 to 42, wherein said semiconducth/e material 
is arranged to emit light. 

44. A method as claimed in any of claims 36 to 43, wherein at least one of the 
materials deposited into the recess is an^anged to guide light. 

45. A method as claimed in any of claims 36 to 43. wherein one of said materials 
deposited into the recesis is electrically conductive. 

46. A method as claimed in claim 45, wherein said conductive material forms the 
gate electrode of an electronic switching device. 

47. A method as claimed in any preceding claim, wherein the first layer is 
organic. 

48. A method as claimed in any df claims 1 to 47. wherein the first layer is 
metallic. 

49. A method as claimed in any preceding claim, wherein the second layer Is 
organic. 

50. A method for forming ah electronic or optical device on a substrate 
comprising the steps of 

(a) forming at least one. recess structure on the substrate 

(b) depositing material on top of the substrate whereby the 
deposition of material Is confined to the recess structure and/or a 
region adjacent the recess structure. 

51. A method as in claim 50 wherein said recess structure is fornied by 
microcutting. 
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52 A method as in claim 50 or 51. which comprises the additional step of 
modifying the surface energy of the surface layer of the substrate in at least f^rt 
of the region adjacent to the recess without modifying the surface energy .n at 
least part of the recess structure. 

53 A method as in claim 52. wherein the step of surface modifying is such as to 
reduce the capacity of the material of the surface layer of the substmte to be 

wetted in the said region by the deposited material. 

54 A method as in claim 52 or 53. wherein said additional step of modifying the 
surface energy of the substrate is perfonned by bringing the -^^^^^ '^^^^^^^ 
with a surface rr^odif^ng agent, in such a way that no contact is established .n at 
least part of the recess stnjcture. 

55 A msthod as in a,v of c^ims 60 to 54, wherein the sub*ate oonlams at least 
one burted layer v* a d,«e,.n,free surface energy fron, that of the su*oe layer 
of the sul.st.ate wherein the step of microcuttmg exposes at least part of the 
buried layer in the recess. 

56 A method as in daim 65 wherein the said exposed buned layer enhances the 
affinitypf the deposited material to be confined to the rece« stmdure. 

57 A method as claimed in claim 60 or 61 . wherein the surface modification is 
pertom«i by directing matena. towards the substrate at an acute angle to the 
upper surface of the substrate. 

58. A method as claimed in any preceding daim. wherein the tool is harder than 
at least one of the layers of the substrate. 
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59. A method as claimed in any preceding claim, wherein electrodes are defined 
in the multilayer structure. 

60. A method as claimed in any preceding claim, wherein the device is a 
switching device. 

61 . A method as claimed in any preceding claim, wherein the device Is a 
transistor. 

62. A microcutting tool having a plurality of microcutting configurations formed by 
anisotropic etching. 

63. A microcutting tool as claimed In claim 62, wheriBin each configuration has at 
least one edge with a radius of curvature less than. lOOnni. 

64. A microcutting tool as claimed in claim 62, wherein each configuration has at 
least one edge with a radius of curvature less than 10nm. 

65. A microcutting tool as claimed in any of claims 62 to 64, wherein the depth of 
each configuration is less than 10 micrometers. 

66. A microcutting tool as claimed in any of claims 62 to 65, wherein the tool is 
formed of silicon. 

67. A microcutting tool as claimed in any of claims 62 to 66, wherein each 
configuration is a protrusion. 

68. A microcutting tool as claimed in any of claims 62 to 66, wherein each 
configuration is a depression. 
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69. A method for forming a microcutting tool by anisotropically etching a body of 
material to form a plurality of microcutting configurations thereon. 

70 A method as claimed in claim 69. wherein the configurations are protrusfons. 
and wherein the method comprises forcing the protnisions into a substrate so as 
to cause the protrusions to microcut into the substrate. 

71 A method as claimed in claim 69. comprising fomiing one or more 
impressions of the tool in further bodies of material and impressing one of those 
bodies into a substrate so as to cause protmslons fomied In that body to miaocut 
into the substrate. 

72 A method for fomiing an electronic device comprising forcing microcutting 
protmslons of a cutting tool into a substrate so as to cause -^he protrusion to 
microcut into the substrate and thereby define features of the device, wherein the 
protnisions take the fomn of a pluralrty of elongate ridges. 

73. A method as claimed in claim 72, wherein the ridges are linear. 

74. A method as claimed in claim 72 or 73. wherein the ridges are parallel. 

75 A method for fomiing an electronic and/or optical device in a multi-layer 
structure comprising at least a first layer and a second layer, the method 
comprising 

forcing a' microcutting protmsion of a cutting tool into the multilayer 
stoicture so as to cause the protmsion to microcut through the first layer and into 
the second layer leaving a depression in the stmcture exposing the second layer, 
and 

depositing a material in the depression. 
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76. A method as claimed in any of the preceding claims, comprising a second 
step of forcing the microcuttmg protrusions of the same dr a different cutting tool 
into the multilayer structure wherein during the second step of forcing this cutting 
tool, is orientated differently from the orientation of the cutting tool during the first 
step of forcing. 

77. A method as claimed jn claim 76 wherein the first step of forcing forms a first 
series of elongate cuts in the stmcture, and the second step of forcing forms a 
second set of elongate cuts angled with respect to the first set of cuts. 

78. A method as claimed In any of the preceding claims, wherein the protmsions 
are all of the same depth. 

79. A method as claimed in any of the preceding claims, wherein the protrusions 
are of different depth. 

80. A method as in any of the preceding claims wherein at least one of the layers 
of the multilayer structure is patterned. 

81. A method as in any of the preceding claims wherein at least one of the layers 
of the multilayer structure is patterned by direct printing. 

82. A method as in any of the preceding claims wherein at least one of the 
nriaterials deposited onto tiie multilayer structure is patterned. 

83. A method as in any of the preceding claims wherein at least one of the 
materials deposited onto the multilayer structure is patterned by direct printing. 

84/ An electronic device fomned by a method according to any preceding claim. 
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85. An electronic switching device formed by a method according to any 
preceding claim. 

86. A transistor device formed by a method acdbrdlng to any preceding claim. 

87. A light emitting device fomied by a method according to any preceding claim. 

88. A lasing device formed by a method according to any preceding claim. 

89. An electronic switching device fomied in .a multilayer structure comprising the 
following elements: 

- a first and a second electrically conductive layer 

. a first electrically insulating or semiconductive layer In between the two 
electrically conductive layers 

. a recess structure cutting through at least one of the electrically conductive 
and the first elecWcally insulating or sem|<»n(lMctive te^^^ 

. a least one further electrically insulating or semiconductive layers deposited 
into the recess structure in contact with the two electrically conductive 
materials 

. a third electrically conductive layer on top of the further electrically insulating or 
semiconducUve layer deposited into the recess structure. 

90 An electronic switching device as in daim 89 in which the third electrically 
conductive layer is deposited in such a way that the materia! is attracted by the 
recess stmcture and the material of the third conductive layer is confined to the 
recess structure and/or the region adjacent to the recess structure so as to reduce 
the electrical capacitance between the third electrically conductive layer and the 
first and second electrically conductive layers. 
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91. A logic circuit, display or memory device comprising a plura% of devices as 
claimed in any of claims 84 to 90. 

92. A logic circuit as d said devices are fomied on 
a corrinion substrate^> S;;^^"' ' " ■ 

93. A logic circuit as. claimed qlainri 91 or 92, wherein the said devices are 
formed in a common layer of an prgart rihiateiiaL . 
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